COURSE STRUCTURE 

FOR HONOURS IN CIVIL ENGINEERING
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DEPARTMENT OF CIVIL ENGINEERING

ODISHA UNIVERSITY OF TECHNOLOGY AND RESEARCH

Techno Campus, MahalaxmiVihar, Ghatikia

Bhubaneswar-751029, Odisha India

List of Honour Subjects for Civil Engineering
	Sl.
No.
	Subject
Type
	Semester
	Subject Code
	Subject Name
	Teaching Hours
	Credit
	Maximum Marks

	
	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	PC
	5th
	IP3171
	Sustainable Engineering Concepts and Life Cycle Analysis
	3
	0
	0
	3
	40
	60
	-
	100

	2
	PC
	6th
	IP3172
	Optimization Methods for Civil Engineering
	3
	0
	0
	3
	40
	60
	-
	100

	3
	PC
	7th
	IP4171
	Soil Dynamics
	3
	0
	0
	3
	40
	60
	-
	100

	4
	PC
	7th
	IP4173
	Sustainable Materials and Green Buildings
	3
	0
	0
	3
	40
	60
	-
	100

	5
	PC
	8th
	IP4172
	Earthquake Engineering
	3
	0
	0
	3
	40
	60
	-
	100

	6
	LC
	6th
	IP3572
	Advanced Structural Lab
	0
	0
	3
	1.5
	-
	-
	100
	100

	7
	LC
	7th
	IP4571
	Advanced Computational Lab
	0
	0
	3
	1.5
	-
	-
	100
	100

	
	Total
	15
	0
	6
	3
	200
	300
	200
	700


	SUSTAINABLE ENGINEERING CONCEPTS AND LIFE CYCLE ANALYSIS

	CREDIT
	3
	SUBJECT CODE: IP3171
	L-3
	T-0
	P-0

	PREREQUISITES: Environmental Engineering

	COURSE OUTCOMES

At the end of the course a student will be able to 

	CO1 
	Describe the core concepts of sustainability and life cycle analysis.

	CO2
	Apply LCA methods and tools to assess environmental impacts.

	CO3
	Analyze sustainability indicators in engineering design.

	CO4
	Propose sustainable engineering solutions based on case studies.

	CONTENT

	Module 1                                                                                                (6 hours)


	Introduction to Sustainability and Life Cycle Thinking: Concepts of sustainability in engineering, Water-energy-food nexus, Introduction to Life Cycle Assessment (LCA), Risk and environmental health concepts

	Module 2                                                                                                 (8 hours)

	Life Cycle Assessment Methodology and ISO Framework: Environmental data collection and analysis, LCA steps: Goal definition, inventory, impact, interpretation, LCA software and tools, ISO standards and comparative LCA examples

	Module 3                                                                                                   (8 hours)

	Design and Indicators for Sustainable Engineering: Factors influencing quality LCA studies, System boundaries, chemical fate and transport, Green and sustainable material choices, Economic, environmental, and social performance indicators

	Module4                                                                                                 (8 hours)

	Case Studies and Applications: Odour removal technologies, Bioplastics vs. conventional plastics, Kerosene lamp vs. solar lamp, Biofuels and hand drying methods, Lessons from real-world sustainability solutions

	Total lecture hours : 30 Hours

	TEXTBOOKS

	1.
	Sustainable Engineering: Concepts, Design and Case Studies by David T. Allen and David R. Shonnard, Prentice Hall.

	REFERENCES

	1.
	US EPA Life Cycle Assessment: Principles and Practice

	2.
	Life Cycle Assessment (LCA) - A guide to approaches, experiences and information sources, Environmental issue report 6/-1, EN PDF: GH-07-97-595-EN-C - ISBN: 92-9167-079-0


	CO-PO-PSO MAPPING
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	Correlation Level
1: Slight
2: Moderate
3: High


	OPTIMIZATION METHODS FOR CIVIL ENGINEERING

	CREDIT
	3
	SUBJECT CODE: IP3172
	L-3
	T-0
	P-0

	PREREQUISITES:  Basic Mathematics

	COURSE OUTCOMES

At the end of the course a student will be able to

	CO1
	Explain the fundamental concepts of engineering optimal design, objective functions, and constraints in formulating optimization problems.

	CO2
	Apply various unconstrained optimization methodsto solve single-variable and simple multi-variable engineering problems.

	CO3
	Analyze the applicability and limitations of different constrained optimization methods, for civil engineering problems.

	CO4
	Evaluate the effectiveness and computational efficiency of evolutionary algorithms compared to traditional optimization methods for solving complex, non-linear civil engineering design problems using tools like MATLAB.

	CONTENT

	Module 1

(8 hours)
	Introduction:Need for engineering optimal design. Optimum design formulation: Decision variable, objective function and constraints. Unconstrained optimization methods. Solution of Linear Problem using Excel solver. Bracketing Mehod, Region elimination method –Gradient based method – Newton-Raphson, bisection and secant method. 

	Module 2
(7 hours)
	Multi variable optimization methods: Direct search method - (Hooke-Jeeve) pattern search, simplex reflection search, Powell’s conjugate direction search. Gradient Based methods: Cauchy’s steeped descent, Newton’s method, Levenberg-Marquardt’s method, Fletcher- Reeve method.

	Module 3
(7 hours)
	Constrained optimization methods: Equality Constraints, Inequality Constraints, Kuhn Tucker condition, Penalty function method, Augmented Lagrangian method, sequential unconstrained minimization, cutting plane method. 

	Module 4

(10 hours)


	Introduction to Evolutionary algorithms. Need for evolutionary algorithms. Type of evolutionary methods. Introduction to Genetic algorithm (GA). Difference and similarities between GA and traditional methods. Basic operations of GA: reproduction, crossover, mutation and elitism. Binary coded and Real coded GA. Introduction to differential evolution, Introduction to MATLAB, Optimization using MATLAB .

	Total lecture hours : 30 Hours


	TEXTBOOKS

	1.
	 S. S. Rao, "Engineering Optimisation: Theory and Practice", Wiley, 2008. 

	2.
	 K. Deb, "Optimization for Engineering design algorithms and Examples", Prentice Hall, 2005. 

	3
	 S. R. Komaragiri and N. Kumar, "Multicriterion Analysis in Engineering and Management", Prentice Hall, 2010 

	REFERENCES

	1.
	J.S. Arora, Introduction to Optimum Design, Elsevier


	2.
	K. Deb, Optimization for Engineering. Design: Algorithms & Examples, Prentice Hall India

	3.
	F. Bennis, and R. K. Bhattacharjya, "Nature-Inspired Methods for Metaheuristics Optimization: Algorithms and Applications in Science and Engineering", Springer Inc. 

	4.
	A. D. Belegundu and T. R. Chandrupatla, "Optimization Concept and Applications in Engineering", Pearson Education Asia, 2002


	CO-PO MAPPING
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	Correlation Level
1: Slight
2: Moderate
3: High


	SOIL DYNAMICS 

	CREDIT
	3
	SUBJECT CODE: IP4171
	L-3
	T-0
	P-0

	PREREQUISITES:Geotechnical Engineering

	COURSE OUTCOMES

At the end of the course a student will be able to

	CO1
	Describe the theory of vibration and wave propagation under dynamic loading.

	CO2
	Identify and determine dynamic soil properties through laboratory and field tests.

	CO3
	Apply vibration concepts to design machine foundations and analyzeSoil-Structure Interaction on various civil engineering structures under dynamic loading.

	CO4
	Study vibration theory for single-degree systems.

	CONTENTS

	Module 1
(8 hours)                                                                       


	Introduction: Theory of vibrations (Single-degree-freedom systems: undamped and damped free vibration), Theory of vibrations (under damped system, logarithmic decrement, steady state forced vibration, rotating mass type excitation, Rayleigh’s method), Coulomb’s damping, Multi-degree of freedom system, Numerical problems on theory of vibrations, Duhamel’s integral, Wave propagation (longitudinal and torsional wave propagation in an elastic rod, longitudinal and torsional wave propagation in an elastic infinite medium, wave propagation in a semi-infinite elastic half space)

	Module 2  (8 hours)                                                                       


	Stiffness, damping and plasticity parameters of soil and their determinationby laboratory tests(resonant column test, cyclic triaxial test, torsional shear test), field tests (seismic reflection and refraction survey, block vibration test), Liquefaction of soils: liquefaction mechanism, factors affecting liquefaction, studies by dynamic tri-axial testing, assessment of liquefaction potential.

	Module 3  (8 hours)                                                                       


	Machine Foundations: Types of motion; MSD model and EHS theory; Vertical, sliding, torsional and rocking modes of oscillations; Coupled motion; Vibration control; Practical design considerations and codal provisions. 

Dynamic Soil-Structure Interaction: Behaviour of shallow underground foundations due to dynamic loads; Response of pile foundations under dynamic loads; Design aspects for earth retaining structures subjected to dynamic loads; Slope stability due to dynamic loads; Behaviour of subgrade soil due to cyclic loads of railway, runway.

	Module 4  (8 hours)                                                                


	Generalized Single Degree of Freedom Systems: Basic concepts, mass-spring system; Lumped mass systems; Systems with distributed mass and elasticity; Rayleigh’s method, shape function selection.

Introduction to Dynamics of Continuous Systems: Equations of motion for axial vibration of a beam; Equations of motion for flexural vibration of a beam; Free vibration analysis; Introduction to forced vibration analysis using modal superposition method.

	Total lecture hours : 30 Hours


	TEXTBOOKS

	1. 
	Swami Saran, "Soil Dynamics and Machine Foundations", Galgotia Publications (P) Ltd.

	2. 
	Braja M. Das, "Fundamentals of soil dynamics", Elsevier.

	REFERENCES

	1
	Satyendra Mittal & J.P. Shukla, "Soil Testing for Engineers", Khanna Publishers, New Delhi.

	2
	Satyendra Mittal, "Pile Foundations Design & Construction", CBS Publishers & Distributors, New Delhi.

	3
	K.G. Bhatia, "Foundations for Industrial Machines," D-CAD publishers, New Delhi.
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	Correlation Level
1: Slight
2: Moderate
 3: High


	SUSTAINABLE MATERIALS AND GREEN BUILDINGS

	CREDIT
	3
	SUBJECT CODE: IP4173
	L-3
	T-0
	P-0

	PREREQUISITES:  Physics, Mathematics, Building Materials

	COURSE OUTCOMES

At the end of the course a student will be able to

	CO1
	Explain fundamental concepts of sustainable engineeringand the principles of sustainable material choices in civil engineering. 

	CO2
	Apply principles of sustainable engineering to assess impacts during the pre-building, building, and post-building phases, focusing on aspects like waste reduction, energy efficiency, and use of non-toxic materials. 

	CO3
	Analyze the impact of building design, construction, and maintenance on the environment and natural resources, and compare different approaches for achieving energy efficiency in buildings. 

	CO4
	Evaluate the sustainability performance of buildings using criteria like the LEED india rating system and assess the life cycle costing of building components, considering both economic and environmental impacts.

	CONTENT

	Module 1

(10 hours)
	Introduction, Embodied energy, Operational energy in Building and Life cycle energy. Ecological foot print, Bio-capacity and calculation of planet equivalent. Principles of Sustainable Engineering.Role of Material: Carbon from Cement, alternative cements and cementitious material, Alternative fuel for cements for reduction in carbon emission. Sustainability issues for concrete. Role of quality, minimization of natural resource utilization, High volume fly ash concrete, geo-polymer concrete. Understanding water cycle, Water conservation and protection technologies, Water treatment systems and assessment of water management technologies.  

	Module 2
(8 hours)
	Pre-Building Phase, Impact on society regarding Waste Reduction, Pollution Prevention, Recycled Content, and Embodied Energy Reduction, Building Phase, Impact on Reduction in Construction Waste, Energy Efficiency, Water Treatment/Conservation, Use of Non-Toxic or Less-Toxic Materials, Renewable Energy Systems, and Longer Life, Post-Building Phase, Impact on Disposal-Reusability, Recyclability, and Biodegradability. 

	Module 3
(6 hours)
	Definition of Green Building. Impact of design, construction & maintenance of buildings on our environment and natural resources. Benefits of building green. Green Building Features, Material and Resources, Water Efficiency, Optimum Energy Efficiency. 

	Module 4

(8 hours)


	Typical Energy Saving Approach in Buildings, LEED India Rating System and Energy Efficiency, Radiation budget, Surface water balance, Effects of trees and microclimatic modification through greening, Life cycle costing of the building and components including the economic & environmental impact and performance.

	Total lecture hours : 30 Hours


	TEXTBOOKS

	1.
	David T. Allen, and David Shonnard, Sustainable Engineering: Concepts, Design and Case Studies, Pearson Education


	2.
	Bhavik R. Bakshi, Sustainable Engineering: Principles and Practice, Cambridge University Press

	3.
	HarharaIyer G, Green Building Fundamentals, Notion Press

	REFERENCES

	1.
	Dr. Adv. HarshulSavla, Green Building: Principles & Practices

	2.
	Joanne Kauffman and Kun-Mo Lee, Handbook of Sustainable Engineering, Springer

	3.
	Catherine Mulligan, Sustainable Engineering: Principles and Implementation, CRC Press
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	Correlation Level
1: Slight
2: Moderate
3: High


	EARTHQUAKE ENGINERING

	CREDIT
	3
	SUBJECT CODE: IP4172
	L-3
	T-0
	P-0

	PREREQUISITES:Structural Analysis-I

	COURSE OUTCOMES

At the end of the course a student will be able to

	CO1
	Understand the fundamentals on earthquake engineering and seismicity conditions.

	CO2
	Analyse the earthquake characteristics and associated effects on structures.

	CO3
	Implement concept of dynamic equation of motion and perform analysis for dynamic systems in civil engineering applications.

	CO4
	Evaluate the basic principles of seismic design and construction of structures in accordance with the Indian standard code.

	CONTENTS

	Module 1
(8 hours)                                                                       


	Introduction on Seismology, Internal structure of earth, Strong motion and estimation of Seismic Hazards, Continental drift and plate tectonics,elastic rebound theory, and Types of seismic Waves

	Module 2  (8 hours)                                                                       


	Dynamic earthquake analysis, Earthquake load analysis of structure (Linear and Non-linear), Analysis of structure by linear static method (Seismic Co-efficient Method) and linear dynamic method (Response Spectrum Method), Equation of motion for SDOF system, Response analysis for Multi Support Earthquake excitation

	Module 3  (8 hours)                                                                       


	Seismic Soil-Structure interaction, Terminology used in SSI, Damping in Soil, Basement topography.

	Module 4  (6 hours)                                                                


	Non-linear seismic response of structures, Base isolation for Earthquake resistant design, Conventional Seismic design approach.

	Total lecture hours : 30 Hours


	TEXTBOOKS

	1. 
	Earthquake resistant design of structures by Pankaj Agarwal and Manish Shrikande.  PHI India.

	2. 
	Earthquake resistant design of structures by S.K. Duggal , Oxford University Press.

	3. 
	Seismic analysis of structure by T.K. Datta, John Wiley & Sons Pvt. Ltd

	REFERENCES

	1
	Structural Dynamics for structure by Hart G.C. & Wong K., John Wiley & Sons Pvt. Ltd

	2
	Dynamic Soil –Structure Interaction by Wolf J.P. , Prentice Hall, Englandwood Cliffs, New jersy.
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	ADVANCED STRUCTURALLABORATORY

	CREDIT
	1.5
	SUBJECT CODE: IP3572
	L-0
	T-0
	P-3

	PREREQUISITES:MaterialTestingandEvaluation, Concrete laboratory

	COURSEOUTCOMES
Attheendofthecourseastudentwillbeableto

	CO1
	Evaluate the influence of mix design and admixtures on strength characteristics.

	CO2
	Analyze the mechanical properties of concrete and steel through laboratory testing

	CO3
	Apply experimental procedures to test RCC beams and columns under flexure, shear, and axial loading 

	CO4
	Examine the durability characteristics of concrete through permeability tests and assessthestrengthand qualityofhardened concreteusing NDTtest.

	CONTENT

	Exp.1
	Mixdesignofconcreteofdifferentgrades&using admixtures.

	Exp.2
	TensileandFlexuralstrengthofconcreteofdifferentgrades.

	Exp.3
	Tensilestrengthofdifferenttypesofsteelrebars,rolledsteelsections.

	Exp.4
	TestingofsimplysupportedRCCbeamsforflexuralfailure.

	Exp.5
	TestingofsimplysupportedRCCbeamsforshearfailure.

	Exp.6
	TestingofRCCcolumn.

	Exp.7
	Non-destructivetestingofconcreteincludingreboundhammerandultrasonicpulsemethod.

	Exp.8
	Permeabilityofconcrete.

	REFERENCES/CODE

	1
	IS: 516-2021

	2
	IS:10262-2019
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	CorrelationLevel
1:Slight
2:Moderate
3:High


	                     ADVANCED COMPUTATIONALLABORATORY

	CREDIT
	1.5
	SUBJECT CODE: IP3171
	0
	0
	3

	PREREQUISITES: StructuralAnalysis-1,StructuralDesign-I,TransportationEngineering-I,
GeotechnicalEngineering-I,EnvironmentalEngineering

	COURSEOUTCOMES
Attheendofthecourseastudentwillbeableto

	CO1
	Apply STAAD.Pro and ETABS to model and design basic RC structural elements such as beams, columns, and slabs as per IS codes.

	CO2
	Analyse the behaviour of multi-storey RC frames under various loading conditions and design them using computational tools.

	CO3
	Evaluate the design efficiency of elevated water tanks and bridge decks through computational modelling and code-based design criteria.

	CO4
	Develop design solutions for complex structures including steel trusses and industrial frames using STAAD.Pro/ETABS.

	CONTENT

	1
	ComputationalprogrammingusingSTAAD-Pro,

	2
	ETABStodesignRCstructureelementslikebeam,columns,slab etc.

	3
	AnalysisanddesignofMulti-storeybuildingframes&ElevatedWaterTankusingSTAAD-Pro,

	4
	ETABS; Analysis anddesign ofbridgedecksandotherstructures&steel trusses usingSTAAD-Pro,ETABS.

	TestBooks:

	1
	KattanP.,MATLABGuidetoFiniteElements,AnInteractiveApproach,
Lulu.comPublisher,1435726979,978-1435726970

	2
	RajasekaranS,ComputationalStructuralMechanics,Prentice HallofIndia,New
Delhi,2001

	3
	ManickaselvamV.K.,ElementsofMatrixandStabilityAnalysisof Structures,Khanna Publishers, New Delhi, 1998.

	4
	AttawayS., MATLAB:APracticalIntroductiontoProgrammingandProblem
Solving,Elsevier,Amsterdam,2018.

	ReferenceBooks:

	1
	PillaiS. Unnikrishna&MenonD.,ReinforcedConcreteDesign,McGrawHill
Education,NewDelhi,2020.

	2
	NilsonA.H.,DarwinD. &DolanC.W.,DesignofConcreteStructures,McGraw
HillEducation,NewYork,2010.

	3
	KhannaS.K.&JustoC.E.G.,HighwayEngineering,NemChand &Bros, Roorkee, 2021.

	4
	PunmiaB.C., SoilMechanicsandFoundations, LaxmiPublications, New Delhi,
2017

	5
	MaysL.W., WaterResourcesEngineering, WileyIndiaPvt. Ltd., New Delhi,
2011.
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